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The ground state of the quantum kagome antiferromagnet Zn-brochantite, ZnCu3(OH)6SO4,
which is one of only a few known spin-liquid (SL) realizations in two or three dimensions, has
been described as a gapless SL with a spinon Fermi surface. Employing nuclear magnetic resonance
in a broad magnetic-field range down to millikelvin temperatures, we show that in applied magnetic
fields this enigmatic state is intrinsically unstable against a SL with a full or a partial gap. A similar
instability of the gapless Fermi-surface SL was previously encountered in an organic triangular-lattice
antiferromagnet, suggesting a common destabilization mechanism that most likely arises from spinon
pairing. A salient property of this instability is that an infinitesimal field suffices to induce it, as
predicted theoretically for some other types of gapless SL’s.
Fermi-surface instability is one of the central concepts
in condensed matter physics, responsible for diverse col-
lective phenomena [1]. In metals, various symmetry-
broken phases, e.g., the BCS superconducting, Peierls
[2], electronic nematic [3, 4] and itinerant antiferromag-
netic [5] states, occur due to such instabilities. An exten-
sion of the Fermi-liquid theory to Mott insulators leads
to fermionic quantum spin liquids (SL’s) [6]. These are
intriguing disordered, yet highly entangled states of mat-
ter that are characterized by effective low-energy charge-
neutral fermionic quasiparticles known as spinons, which
interact through emergent gauge fields [6–10]. In analogy
to the Fermi-surface instabilities in metals, many SL’s
with different symmetries may be considered as being
born out of the SL with a spinon Fermi surface (dubbed
a spinon metal) [11, 12]. Since this parent state is gapless
and thus exposed to perturbations and fluctuations, find-
ing its rare realizations is challenging per se [6, 13, 14, 16].
Moreover, clarifying the nature of its experimentally ob-
served instabilities [1, 17] by confronting numerous theo-
retical proposals [11, 12, 19–21] with experimental facts
represents an even greater challenge. Clearly, identify-
ing some common origin of such instabilities would be
beneficial for obtaining an in-depth understanding of the
Fermi-surface instabilities in general.
In this context, Zn-brochantite, ZnCu3(OH)6SO4, a
representative of the paradigmatic two-dimensional geo-
metrically frustrated quantum kagome antiferromagnet
[7], is of particular interest. Around 10 K, well be-
low the average nearest-neighbor exchange interaction
J = 65 K [6], it exhibits a spinon Fermi-surface SL
state with Pauli-like kagome-lattice magnetic susceptibil-
ity χk and with specific heat cp increasing linearly with
temperature [6]. Unexpectedly, this state progressively
transforms when the temperature is lowered as χk and
cp/T get gradually enhanced and saturate at 2–3-times
larger values below ∼0.6 K [6, 22]. This state remains
stable down to the lowest experimentally accessible tem-
peratures (T/J . 3 · 10−4) [1]. The crossover within the
spinon Fermi-surface SL state is likely associated with im-
purities originating from the 6–9% Zn-Cu intersite disor-
der [6] and coupled to the kagome spins [22], which could
affect the spinon density of states at the Fermi level by
pinning of spinon excitations [1].
Moreover, diverse field-induced instabilities were re-
ported in a few two-dimensional SL candidates, like
spin freezing in the archetype quantum kagome anti-
ferromagnet herbertsmithite [23] and the organic trian-
gular antiferromagnet κ-(BEDT-TTF)2Cu2(CN)3 [24],
and non-trivial symmetry breaking and/or topological
ordering in another organic triangular antiferromagnet
EtMe3Sb[Pd(dmit)2]2 [17]. In this light, studying the
response of the SL with a spinon Fermi surface in Zn-
brochantite to the magnetic field could help address the
fundamental question about the stability of this gapless
state against time-reversal symmetry breaking. Specifi-
cally, are gapless excitations of this state also intrinsically
unstable against the applied field, as theoretically pre-
dicted for some other SL’s, like the Dirac U(1) SL on the
kagome lattice [25], or the Kitaev SL on the honeycomb
[8] and the hyperhoneycomb lattices [26]?
Here we provide the answer to this question by report-
ing a field-induced instability of the gapless spinon Fermi-
surface ground state in Zn-brochantite. This was discov-
ered by employing nuclear magnetic resonance (NMR),
which has proven particularly well-suited for differentiat-
ing between impurity and intrinsic properties of this com-
pound, as the 2D nuclei dominantly couple to the kagome
spins [1]. By performing a series of 2D NMR spin-lattice
relaxation (1/T1) measurements in various applied fields
down to millikelvin temperatures, we find that, surpris-
ingly, the critical temperature Tc associated with this
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FIG. 1. (a) The temperature dependence of the 2D NMR
spin-lattice relaxation rate 1/T1 in the applied field of 4.69 T.
The solid arrow indicates the transition temperature Tc =
0.76 K, while the dashed arrows indicate the temperatures
where the 2D NMR spectra from panel (b) were recorded.
These spectra are normalized and shifted vertically for clarity.
(c) The temperature dependence of the bulk susceptibility χb
in 4.69 T measured by a SQUID magnetometer. Note that the
decrease of χb with temperature is very small. Tc is indicated
by the arrow, while the solid line is a guide to the eye.
instability scales linearly with the applied magnetic field
B, yielding Tc → 0 at B → 0. We propose that the
field-induced SL state originates from spinon pairing and
has a full or a partial excitation gap. The instability is
reminiscent of that found in the triangular-lattice gapless
spinon Fermi-surface SL candidate EtMe3Sb[Pd(dmit)2]2
and thus appears to be a common feature of such SL’s.
In this study, we extend our 2D NMR 1/T1 data pre-
viously recorded in a field of 4.69 T between 2 and 300 K
[1], down to 50 mK [Fig. 1(a)]. As already established,
the power-law decrease of 1/T1 below 200 K reveals quan-
tum critical behavior, while the decrease below the broad
maximum around 5 K corresponds to the crossover within
the SL state of Zn-brochantite [1]. Unexpectedly, by low-
ering the temperature to the millikelvin range we find a
pronounced anomaly in the form of a sharp kink in 1/T1
at Tc = 0.76 K [Fig. 1(a)], which is obviously not re-
lated to the smooth crossover within the SL state. Below
Tc, 1/T1 quickly drops by several orders of magnitude
[Fig. 2(a)]. This is usually a sign of a phase transition and
was encountered before in herbertsmithite [23] as well as
in organic [17, 24] and inorganic [27] triangular antiferro-
magnets. However, Tc does not seem to correspond to a
standard magnetic transition, where a divergence of 1/T1
is usually observed.
The first essential question that arises is whether the
magnetic state of Zn-brochantite below Tc remains a spin
liquid. In order to address it we compare the NMR spec-
tra recorded just above and well-below Tc [Fig. 1(b)], as
the emergence of frozen moments is generally reflected in
a broadening of NMR lines. This is indeed the case in κ-
(BEDT-TTF)2Cu2(CN)3 [24] and in herbertsmithite in
high magnetic fields [23]. On the other hand, the absence
of any spectral broadening in EtMe3Sb[Pd(dmit)2]2 was
regarded as evidence of a non-trivial symmetry break-
ing and/or topological ordering within the SL state [17],
while no simultaneous anomaly was observed in any ther-
modynamic observable [13]. Similarly to this case, the es-
timated magnetic contributions to the NMR line width
[28] of 28.8(9) and 28.7(7) mT at 0.26 and 0.90 K, respec-
tively, demonstrate the absence of any magnetic broad-
ening in Zn-brochantite upon crossing Tc = 0.76 K. The
uncertainty of the line widths and the hyperfine cou-
pling constant between the 2D nuclei and kagome spins
[1], Aiso = 34 mT/µB, set a very conservative upper
bound of 0.05µB on the average frozen moment in the
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FIG. 2. The temperature dependence of (a) the 2D NMR
spin-lattice relaxation rate 1/T1 and (b) the stretching expo-
nent β from the magnetization recovery curves [28] in various
applied fields. In panel (a) the solid lines demonstrate power-
law dependence (numbers correspond to powers), while the
dashed lines show the agreement with the gapped model of
Eq. (2). We note that Tc roughly corresponds to a common
relaxation rate 1/T1 = 2.5 s−1 for all except the highest fields.
In panel (b) the solid lines are guides to the eye. Arrows in
all panels indicate the critical temperatures Tc.
3low-temperature state of Zn-brochantite at 4.69 T. No
spectral broadening is present even at 9.4 T [28]. We
thus arrive at the first important conclusion – the dra-
matic change of the 1/T1 behavior in Zn-brochantite at
Tc is not due to bulk spin freezing, but rather suggests a
fundamental modification of the excitation spectrum of
the SL state.
The next obvious questions are what triggers the in-
stability at Tc and whether it is intrinsic to the kagome
spins. In order to address them, we performed additional
NMR measurements in various magnetic fields between
0.92 and 9.4 T (Fig. 2). We find [28] that Tc increases
steadily with field. It also roughly coincides with the
temperature where the 1/T1 distribution in each field is
the broadest – the stretching exponent β, characterizing
the distribution of relaxation times governing the mag-
netization recovery in the NMR experiment [28], exhibits
broad minima [Fig. 2(b)]. Up to B ∼ 5 T, Tc scales al-
most linearly with the applied field (with Tc → 0 when
B → 0), while at higher fields a cubic correction term
is needed and the transition temperature obeys a phe-
nomenological expression Tc = aB + bB3 (Fig. 3). This
extra term could be due to the proximity of Tc to the
crossover temperature regime of the SL state at higher
fields, where the free-spinon density of states is chang-
ing [1]. Alternatively, the crossover regime itself could
be shifted to higher temperatures at higher fields as the
additional Zeeman energy could stabilize spinon pinning,
and the extra cubic term could be intrinsic to the instabil-
ity. In any case, the transition at Tc cannot be accounted
for by the polarization of impurities in the applied field.
This conclusion is based on the fact that the slope of the
Tc(B) curve is very small (it corresponds to an effective
g-factor of 0.2), its shape at higher fields is convex, and
the bulk magnetic susceptibility χb in 4.69 T shows no
significant anomaly at Tc = 0.76 K [Fig. 1(c)] despite a
large impurity contribution at low temperatures [6]. We
thus reach the next important conclusion that the tran-
sition observed in Zn-brochantite at Tc reflects an intrin-
sic instability within the SL phase induced by the applied
magnetic field.
Therefore, we turn to a more elaborate analysis of the
NMR relaxation rates. Just above Tc, the power law
1/T1 = cT η (1)
with η = 0.8 fits the experiment [Fig. 2(a)], except for the
highest field. This power is very similar to η = 0.73(5)
found in herbertsmithite above 1 K [23, 33]. On the other
hand, this dependence is also rather close to the Kor-
ringa relation 1/T1 ∝ T , which holds for free fermions
[34, 35]. In the picture of gapless U(1) spinons with a
Fermi surface, deviations towards η < 1 are expected
[17] due to the coupling of spinons with emergent gauge
field fluctuations [21]. The 1/T1 data sets above Tc thus
agree with the low-temperature zero-field SL state of Zn-
brochantite being a gapless SL with a Fermi surface [22].
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FIG. 3. The phase diagram of Zn-brochantite with the mea-
sured critical temperatures Tc and gaps ∆ extracted from the
low-T 1/T1 NMR data. The line shows the Tc = aB + bB3
model fit of the phase boundary between two distinct spin liq-
uid states. The inset shows the field evolution of the fraction
f of the residual density of states at the Fermi level [Eq. (2)]
below Tc. The line in the inset is a guide to the eye.
Moreover, the field-dependent parameter c, which is in
such a SL proportional to the squared spinon density of
states at the Fermi level (like in an ordinary metal [34]),
decreases with increasing field. This is in line with the
recently developed picture of spinon metals, where the
spectral weight in the dynamic spin structure factor is
progressively shifted away from zero energy by an in-
creasing applied field [36].
The significantly altered temperature dependence of
1/T1 just below Tc suggests an abrupt change of spin ex-
citations within the spin liquid and, consequently, a large
change of the spinon Fermi surface. However, at the
lowest temperatures the sub-linear dependence of 1/T1
(η ' 0.8) is recovered [Fig. 2(a)]. The field-dependence
of this relaxation is incompatible with an impurity sce-
nario [28]. Moreover, the power η is found to be the same
as above Tc. Therefore, we propose that this relaxation
at the lowest temperatures is due to a residual density
of states of gapless spinons at the Fermi surface. This is
further supported by the decreasing relative width of the
T1 distribution at the lowest temperatures – the stretch-
ing exponent increases back to β ∼ 0.5 [Fig. 2(b)], the
same value that characterizes the data above Tc [28].
The coexistence of two relaxation mechanisms below
Tc could, in principle, be due to an inhomogeneous phase
(e.g., induced by disorder, structural imperfections, etc.),
where regions of fully gapped and gapless spinons would
coexist in real space [11]. However, this is not the case,
as the magnetization recovery curves in the T1 experi-
ment should then exhibit a characteristic two-step shape
4at T < Tc where the relaxation times of the two phases
differ significantly. On the contrary, the experimental
curves are smooth at all temperatures [28]. Therefore, a
plausible explanation for the presence of two relaxation
mechanisms below Tc is that the gap is opened only in
certain regions of the momentum space [11, 19]. Then,
an effective two-channel relaxation can appear even in a
spatially homogeneous state, because 1/T1 averages the
dynamic spin structure factor over the entire momentum
space [37], as (T1T )−1 ∝
∑
qA
2
qχ
′′(q, ωNMR)/ωNMR,
with χ′′(q, ωNMR) being the imaginary part of the mag-
netic susceptibility at the wave vector q and NMR fre-
quency ωNMR.
The 1/T1 data at T < Tc can be accounted for by an
extended thermal-activation model [38]
1
T1
= d T e−∆/T + f2 · cT η, (2)
where d is a field-dependent parameter related to the re-
laxation mechanism induced by the opening of the gap
∆, c is determined from the data above Tc using Eq. (1)
and f < 1 denotes the fraction of the residual density of
states at the Fermi level with respect to the full density of
states above Tc [Fig. 2(a)]. At the lowest field of 0.93 T,
the residual gapless-spinon density of states at T < Tc is
f ∼ 30% of the density of states above Tc. With increas-
ing field f decreases, reaching zero around 10 T (inset
in Fig. 3). An important conclusion is thus that the
spinon instability at Tc affects the majority of spinons
near the Fermi surface. The extracted excitation gap
scales linearly with the transition temperature (Fig. 3),
2∆/Tc = 3.9(1), similarly as found in herbertsmithite
[23] and close to the characteristic scaling 2∆/Tc = 3.5
of the BCS state.
Having established that the instability observed in Zn-
brochantite at Tc is intrinsic and pertinent to the SL
state, the important question of the underlying instabil-
ity mechanism arises. Two scenarios based on the current
theoretical understanding of the spinon-metal phases in
two dimensions could, in principle, be possible. An in-
stability that gaps out a part or the whole Fermi sur-
face is expected in the vicinity of the Mott transition
where charge fluctuations are strong [42, 43]. Since in
Zn-brochantite U/t ∼ 60 [28] (t and U are the Hub-
bard hopping and the Coulomb repulsion, respectively),
while the Mott metal-insulator transition occurs already
at U/t & 10 [44], the system is positioned deep in the
insulating phase. Therefore, we propose the second pos-
sible scenario, which is based on a spinon-pairing insta-
bility [11, 19–21].
The U(1) SL’s with spinon Fermi surfaces are found as
root states of many Z2 fermionic SL’s, when the spinon
pairing amplitudes in the Z2 states are turned off [45].
If spinon pairing that arises from the gauge-field medi-
ated attractive interactions between spinons is consid-
ered, such states are susceptible to various pairing insta-
bilities [11, 19, 21]. A paired-spinon state breaks the U(1)
gauge symmetry down to Z2 and opens an energy gap
below the pairing temperature Tc [11, 20]. The gap can
either be full or partial, the latter corresponding to pair-
ing in a non-symmetric channel [19–21]. There are var-
ious possible types of the attractive interaction between
spinons that lead to pairing instabilities [11, 19, 21]. If
the spinon pairing were of the singlet BCS type, the
paired state should be destroyed above a critical exter-
nal magnetic field [21]. However, this is not the case for
spin-triplet BCS pairing [11] or a more exotic Amperean-
type pairing with a spatially modulated amplitude [19].
The latter scenarios are therefore more likely to be real-
ized in Zn-brochantite, as our results suggest that the ap-
plied field stabilizes the gapped SL state and acts against
thermal fluctuations which tend to prefer the gapless SL
(Fig. 3).
Zn-brochantite behaves very similarly to the organic
triangular-lattice compound EtMe3Sb[Pd(dmit)2]2, as
both seem to exhibit a gapless quantum-critical spinon-
metal ground state in zero magnetic field [13] that under-
goes an unconventional field-induced instability at low
temperatures [17]. In both systems, a gap develops in
the excitation spectrum below a field-dependent critical
temperature, even though the structure of the gap (full
or nodal) may be different due to the different lattices of
the two compounds. This instability, which is obviously
not a regular thermodynamic transition into a frozen spin
state, but rather suggests that the magnetic field strongly
affects the spinon excitations, thus seems to be a general
characteristic of SL’s with spinon Fermi surfaces. There-
fore, it would be interesting to check for its presence in
other physically different spinon-metal ground-state can-
didates, one of them possibly being the rare-earth based
triangular-lattice antiferromagnet YbMgGaO4 [16, 46–
48].
Another interesting aspect of the discovered field-
induced instability in Zn-brochantite is that an infinites-
imal field apparently suffices to destabilize the zero-field
spinon Fermi-surface SL ground state. This is compat-
ible with its gapless nature and stands in contrast to
gapped SL’s where a finite critical field is generally ex-
pected at zero temperature [13]. In this respect, the SL
with a spinon Fermi surface responds to the applied field
in a manner similar to that theoretically predicted for
some other gapless SL’s; e.g., in an infinitesimal mag-
netic field, the gapless Dirac U(1) SL on the kagome
lattice should become unstable towards spontaneous spin
ordering with gapped excitations [25] and the gapless Ma-
jorana fermions of the Kitaev model on the honeycomb
lattice become gapped [8, 49].
Beyond the intricate physics of spin liquids, our find-
ing of an intrinsic field-induced instability of the gapless
Fermi-surface SL realized in Zn-brochantite should turn
out to be relevant in a broader context of the Fermi-
surface instabilities. It is important to bear in mind that
5many aspects of pair condensation in such SL’s in Mott
insulators are universal, as they are shared by electron
pairing in superconductors [11], electron pairing in metals
mediated by order-parameter fluctuations near quantum
critical points, and composite-fermion pairing in quan-
tum Hall fluids [21]. It is even possible that in some
systems the same fermionic pairing occurs in both SL
and superconducting phases [50].
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NUCLEAR MAGNETIC RESONANCE
NMR Experiment
The 2D (I = 1) nuclear magnetic resonance (NMR)
measurements were performed on the same powder sam-
ple as in our previous NMR study that was limited to
temperatures above 2 K and to a single applied magnetic
field of 4.69 T [1]. To reach temperatures below 1.5 K,
a dilution-refrigerator setup was used, together with a
sweepable superconducting magnet capable of reaching
14 T. The 2D NMR spectra were recorded by sweeping
the magnetic field. The standard solid-echo pulse se-
quence pi/2−τ−pi/2 was used, with a typical pulse length
and pulse separation of 10 µs and 120 µs, respectively.
The spin-lattice relaxation time T1 was measured after
the pi/2− t− pi/2 sequence with the solid-echo detection
sequence.
Streched-Exponential Relaxation
The magnetic-relaxation model for spin-1 nuclei [2],
M(t) = M0
[
1− (1− s)
(
1
4e
−(t/T1)β + 34e
−(3t/T1)β
)]
,
(3)
was fitted to the magnetization recovery curves in the
spin-lattice relaxation experiments. Here M0 is the sat-
uration magnetization, s 6= 0 accounts for imperfect sat-
uration of broad NMR lines after the first pi/2 pulse and
β denotes a stretched exponential relaxation. Eq. (3)
perfectly fits the experimental curves in the whole tem-
perature range between 300 K and 50 mK (Fig. 4). In
particular at T < Tc, where two relaxation mechanisms
are present (see main text), we do not observe a two-
step magnetization recovery curve at any temperature
(even when the relaxation times of the two mechanisms
are different by two orders of magnitude), which would
otherwise imply a spatially inhomogeneous response.
The stretching exponent β was found to be strongly
T -dependent. However, this parameter does not depend
on the applied field (Fig. 5), except close to Tc, where
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FIG. 4. The normalized magnetization recovery curves at sev-
eral selected temperatures (symbols) and the corresponding
fits with Eq. (3) (solid lines; the stretching exponent values β
are also given). The curves are shifted vertically for clarity.
β exhibits a minimum at each applied field. It mono-
tonically decreases from the room-temperature value of
0.93(2), reaches its low-T value of 0.54(2) just above Tc
and returns to this value at the lowest temperatures.
Determination of Tc
The critical temperature Tc for the transition between
the gapless spinon Fermi-surface SL and the gapped SL is
indicated by a kink in the 1/T1 temperature dependence
[Fig. 2(a) in the main text] above which the gapped model
of Eq. (2) in the main text is no longer valid. To obtain
an objective estimate of Tc we fitted the low-temperature
1/T1 data with this gapped model up to different cut-off
temperatures and calculated the chi-squared goodness of
fit statistics (Fig. 6). We then defined Tc as the maxi-
mum temperature where Pearson’s chi-squared test still
indicated a good fit at a 95% confidence level.
8Low-T Relaxation
The NMR relaxation rate at the lowest temperatures
decays much slower with decreasing temperature than
just below the transition temperature Tc [Fig. 2(a) in
the main document]. This is a fingerprint of a sec-
ond relaxation mechanism that takes over at the low-
est temperatures, where the exponentially decaying re-
laxation mechanism due to an excitation gap below Tc
becomes weaker. The crossover temperature T ∗ < Tc is
defined as the temperature, where both relaxation mech-
anisms match (Fig 8). The emergence of the low-T re-
laxation channel slowly varying with temperature, which
is regularly observed when the main relaxation channel
follows an activation-type behavior and the relaxation
rates severely drop at low temperatures, is usually as-
cribed to impurities. However, we argue that impuri-
ties are not responsible for the low-T sub-linear NMR re-
laxation in Zn-brochantite. Any impurities significantly
coupled to the gapped spinons of the field-induced SL
state would exhibit an activation-type behavior. On the
other hand, the relaxation rate of free impurities should
follow some functional dependence 1/T imp1 = f(B/T )
[3]. Hence, at T ∗ the measured relaxation rate due to
both equally contributing relaxation channels would be
1/T1(T ∗, B) = 2f(B/T ∗). Since T ∗(B)/B is constant
(Fig. 7), 1/T1(T ∗, B) should be B-independent. This
contradicts the experiment, where an increasing magnetic
field strongly suppresses 1/T1(T ∗, B) (inset in Fig. 7).
Therefore, we conclude that the sub-linear relaxation
0.035 0.1 1 10 100 400
0.4
0.6
0.8
1.0
0.92 T1.27 T2.35 T3.39 T4.69 T5.92 T9.40 T
 
T (K)
FIG. 5. The temperature dependence of the stretching expo-
nent β from fitting the model (3) to the experimental magne-
tization recovery curves (Fig. 4). The high-T data in 4.69 T
(open symbols) is reproduced from Ref. 1. The thick line is a
guide to the eye and shows the trend of the field-independent
β(T ), which is violated around Tc (denoted by arrows) and
again recovered at low temperatures.
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FIG. 6. Reduced chi-squared χ2/ν (symbols), where ν is the
number of degrees of freedom, versus the cutoff temperature T
for fits of low-temperature 1/T1 data using the gapped model
of Eq. (2) in the main text. The green shaded areas indi-
cate χ2/ν values for a good fit at a 95% confidence level via
Pearson’s chi-squared test. Arrows indicate the critical tem-
peratures Tc up to which the test still indicates a good fit.
term that is found at the lowest temperatures is due to
intrinsic relaxation originating from kagome-lattice ex-
citations. This is supported by the fact that the same
power η = 0.8 is found for this relaxation as for the re-
laxation above Tc.
Power-law Relaxation below Tc
The temperature dependence of 1/T1 below the criti-
cal temperature Tc, which is in the main document fitted
with the extended thermal-activation model, can be, al-
ternatively, modeled with a double-power-law model (see
Fig. 8)
1
T1
= d′ T η
′
+ f2 · cT η, (4)
where the exponentially depending term T e−∆/T (see
main text) is replaced by the power-law term T η′ . Here,
η = 0.8 is found again, while the η′ parameter exhibits
a pronounced field dependence (inset in Fig. 8). In the
limit B → 0 we find η′ → 3.2(2).
9NMR Broadening
At 4.69 T the magnetic contribution to the NMR line
width was obtained from the second central moment of
the NMR spectra, m2 = ν2 − ν2, as σm =
√
m2 − σ2∞,
where σ2∞ ≈ m2(300 K) is related to quadrupolar broad-
ening [1]. The spectra were windowed to the 0.015 ∼
0.985 quantile range to reduce the influence of statistical
noise in the line tails. The experimental uncertainty in
σm cited in the main text is ultimately dominated by the
systematic uncertainty in the choice of the windowing
range.
To check for any spectral broadening upon crossing the
critical temperature Tc = 2.0 K at 9.4 T we measured
spectra down to 1.73 K, where the NMR line width m1/22
approaches saturation (Fig. 9). The line width does not
seem to be affected at Tc. However, as 1.73 K is still
rather close to Tc we also extracted the saturation mag-
netizations M0 from 1/T1 measurements using Eq. (3),
in the temperature range between 300 K and 385 mK.
Below 4 K the saturation magnetization follows a simple
Curie law M0 ∝ 1/T down to the lowest temperature
(Fig. 9). This is expected for the total NMR intensity
due to Boltzmann statistics of equilibrium nuclear spin
populations in an external magnetic field. It implies that
the underlying NMR spectrum does not exhibit any no-
ticeable broadening across the instability even at 9.4 T,
as a changing NMR linewidth would result in a deviation
from the 1/T temperature dependence for the saturation
magnetization. Such deviation towards higher values is
observed above 4 K, where the spectra narrow notably
with increasing temperature. The diverging trend of the
saturation magnetization from the 1/T dependence is
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FIG. 7. The field dependence of the onset temperature T ∗
of the low-temperature relaxation mechanism. Inset shows
the decrease of the NMR relaxation rate 1/T1 at T ∗ with
increasing field.
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laxation rate 1/T1 (symbols) in various fields. Below Tc, the
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The inset shows the field-dependent power η′ of the fast re-
laxing component in Eq. (4), a dashed line is used for the
extrapolation to B=0.
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m
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2 (empty symbols) and the saturation magnetization M0
from 1/T1 measurements at 9.4 T (solid symbols). The line
indicates a Curie temperature dependence. The arrow indi-
cates the critical temperature Tc. The inset shows normal-
ized NMR spectra at the highest and the lowest temperature,
which are shifted vertically for clarity.
altered above ∼100 K, where the magnetic broadening
becomes masked by the quadrupolar broadening, com-
pletely changing the shape of the NMR spectrum (inset
in Fig. 9).
10
MOTT TRANSITION
Within the kagome lattice Hubbard model, the sys-
tem undergoes a first-order Mott phase transition at the
Hubbard repulsion U/W ∼ 1.4, where W = 6t represent
the bandwidth, t is the hopping parameter and U is the
Coulomb repulsion [4]. In Zn-brochantite the parameters
U and t can be estimated [5] from the measured bang gap
Eg = U − 2zt = 4.2 eV (z = 4) and the average nearest-
neighbor exchange constant kBJ = 4t2/U = 5.6 meV
[6]. We find U = 4.9 eV and t = 0.08 eV, the for-
mer being close to the value U = 6 eV determined from
in-depth band-structure calculations of the structurally
similar herbertsmithite and kapellasite, ZnCu3(OH)6Cl2
[7]. The resulting ratio U/W ∼ 10 means that Zn-
brochantite is located deep in the insulating phase far
away from the Mott transition.
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